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This study characterizes the distribution and quantiﬁes the expression of the tyrosine
kinase receptor for the vascular endothelial growth factor (VEGF), Flt-1, in the rat hippo-
campus following intra-peritoneal injection of Phoneutria nigriventer venom (PNV). Post-
natal day 14 (P14) and 8–10 weeks (adult) old rats were used and analyses were done
at 1, 2, 5 and 24 h after venom exposure and compared with saline-injected counterparts.
PNV-injected animals showed hippocampal venules with perivascular edema indicating
blood–brain barrier (BBB) dysfunction. This was accompanied by signiﬁcant over-
expression of Flt-1 which though was not the same for CA1, CA2, CA3 and dentate gyrus
(DG) hippocampal regions, neither for P14 and adult rats. Regional analysis using GIMP
methodology showed that Flt-1 was constitutively distributed more densely in neurons of
DG, followed by CA1/CA2 and CA3 of both control P14 and adult animals, without variation
over time, but signiﬁcantly more expressed in P14 than in adults. A time-course analysis
showed that Flt-1 upregulation was progressive and that neurons VEGFR1/Flt-1þ of PNV-
exposed animals are timely and regionally modulated depending on the hippocampal
region, being CA2 the least responsive region regardless animal’s age, whilst DG was the
most susceptible with adult animals having higher upregulation than neonates. Since VEGF
has been reported to confer protection in several pathological processes we suggest that
VEGF may be involved in hippocampal neurons response via Flt-1 mediation following
PNV envenoming; its higher upregulation in adult envenomed rats may be an indication
that Flt-1 neuroprotective mediation is more efﬁcient with age. The Flt-1 upregulation and
the incidence of perivascular edema in young animals may indicate a pro-inﬂammatory
role of the receptor.
 2012 Elsevier Ltd. Open access under the Elsevier OA license.logia e Embriologia,
pinas (Unicamp), CP
21 6224; fax: þ55 19
uz-Höﬂing).
lsevier OA license.1. Introduction
Phoneutria nigriventer, popularly known as armed
spider, causes most of the human accidents by venomous
spiders in Southeast of Brazil. The venom of this spider is
a cocktail of toxins, having peptides, free amino acids,
histamine and serotonin. Most of the toxins that have been
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see Gomez et al., 2002), including voltage gated sodium
(Naþ), calcium (Ca2þ) and potassium (Kþ) channels.
Clinically, P. nigriventer accidents graded as severe (less
than 1%) may cause convulsions particularly in children or
debilitated victims (Bucaretchi et al., 2000). Recent ﬁndings
in experimental models have shown that the systemic
injection of P. nigriventer venom (PNV) in rats causes blood–
brain barrier (BBB) permeability, with hippocampal BBB
greatly susceptible to venom (Le Sueur et al., 2003). It
has been also shown that envenoming causes neuro-
inﬂammation in the cerebellum and hippocampus and
neuron activation (induction of Fos þ neurons) in some
brain regions, which though showed differential regional
and time-course modulation (Rapôso et al., 2007; da Cruz-
Höﬂing et al., 2007, 2009). This BBB permeation was tran-
sient being thereafter gradually restored. However, the
cellular events which course with the alterations of
permeability at the blood–brain interface and how the
repair occurs were not determined yet (da Cruz-Höﬂing
et al., 2009).
One of the growth factors with seminal involvement in
the process of brain repair is the vascular endothelial
growth factor (VEGF). It is upregulated during many path-
ological events in the central nervous system (CNS),
including ischemia, spinal cord injuries, BBB breakdown
(for review see Brockington et al., 2004), status epilepticus
and multiple sclerosis (for review see Ruiz de Almodovar
et al., 2009). Members of the VEGF family include VEGF-
A, -B, -C, -D, -E and placental growth factor (PlGF). VEGF-
B, -C, -D and -E have thus far been less well studied than
VEGF-A (for review see Ruiz De Almodovar et al., 2009).
VEGF plays a central neurotrophic and neuroprotective role
in the CNS by promoting angiogenesis, regulation of vas-
culogenesis and vascular permeability. VEGF multiple
functions result from its mediation by speciﬁc tyrosine
kinase transmembrane receptors, which besides being
expressed on endothelial cells are also expressed on
neurons. VEGF receptors (VEGFRs) can participate in
various biological functions, including cell survival, migra-
tion, and differentiation as well as vascular sprouting,
stabilization, and permeability (Shibuya and Claesson-
Welsh, 2006). Members of the VEGFR family include
VEGFR1 and VEGFR2, also known as Fms-like tyrosine
kinase 1 (Flt-1) and fetal liver kinase 1 (Flk-1)/kinase insert
domain receptor (KDR), respectively (Olsson et al., 2006).
This study investigates if the tyrosine kinase receptor for
VEGF, Flt-1, is part of the events which course with alter-
ations of permeability in a model of BBB breakdown. The
distribution and expressional changes of Flt-1 were studied
in the rat hippocampus through immunohistochemistry
following intra-peritoneal injection of P. nigriventer venom;
fourteen days and 8–10 weeks aged rats were used in order
to demonstrate a possible age-dependent cellular response
to venom. By immunohistochemistry it is possible to
determine the expression of proteins involved in cell
signaling for a whole population of neurons in selected
brain regions, what is of pivotal importance in pathologic
states induced by xenobiotics.2. Materials and methods
2.1. Venom and animals
Lyophilized P. nigriventer crude venom (PNV) was
supplied by Instituto Butantan (São Paulo, SP, Brazil) and
stored at 20 C until use. Male Wistar rats (Rattus norve-
gicus) 3 weeks of age, obtained from the Multidisciplinary
Center for Biological Investigation at the State University of
Campinas (CEMIB/Unicamp) were housed under standard
animal colony conditions, 5/cage, at 23 C on a 12 h light/
dark cycle with lights on at 6 a.m. and with free access to
food and water until reaching 8–10-week-old. At least 24 h
before the experiment, the animals were transported in
their home cages from the animal colony to the laboratory
and allowed to habituate. Male Wistar rats on post-natal
day 14 (P14) were taken directly from CEMIB to the labo-
ratory and experiments were done in the next day.
2.2. Envenoming procedure
Dose–response trials using intra-peritoneal (i.p.) injec-
tion of 0.85 mg/kg, 1.7 mg/kg and 2.55 mg/kg venom
concentration was previously conducted and the 1.7 mg/kg
dose was the one which better reproduced the signs of
envenoming formerly obtained with intravenous (i.v.)
injection (Le Sueur et al., 2003). The i.p. route was used
given the difﬁculty for injecting the venom through the
small-sized tail vein of the 14 days old neonate rats.
Animals of both ages (P14 and 8–10 wks old received
a single i.p. injection of PNV (1.7 mg/kg in 0.5 ml saline
solution (vehicle) or 0.5 ml of 0.9% sterile saline (sham
group); one, two, ﬁve and 24 h after injection (n ¼ 5 per
time/treatment), the animals were anesthetized with i.p.
injection (2 mg/mg body weight) of a 3:1 mixture of ket-
amine (Dopalen, 100 mg kg1 body weight) and xylazine
hydrochloride (Anasedan, 10 mg kg1 body weight) (For-
tvale, Valinhos, SP, Brazil). This study was approved by the
institution’s Committee for Ethics in Animal Use (CEUA/
Unicamp, protocol no. 2403-1) and the experiments were
done according to the Brazilian Society for Laboratory
Animal Science guidelines (SBCAL; formerly Brazilian
College for Animal Experimentation – COBEA).
2.3. Signs of envenoming
The envenoming signs presented by each animal were
independently monitored by three observers (M.C.P.M.,
E.S.S., L.M.S.) and a consensual ﬁnal register was emitted.
2.4. Histology and immunohistochemistry
Anesthetized animals were transcardially perfused with
physiological saline followed by 4% paraformaldehyde in
0.1 M phosphate-buffered saline (PBS), pH 7.4. Then, the
brains were immediately removed and post-ﬁxed in the
same ﬁxative overnight at 4 C. After, they were washed,
dehydrated in a graded ethanol series, cleared in xylene,
and embedded in parafﬁn (Paraplast, Sigma Aldrich, St.
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hippocampus containing the regions (CA1, CA2, CA3 and
dentate gyrus (DG)) were obtained with the help of
a stereotaxic atlas of rat brain anatomy (Paxinos and
Watson, 1998). Coronal sections of the hippocampus from
all groups mounted onto subbed glass slides were dewaxed
with xylene and rehydrated in descendent ethanol series
until distilled water. One section from each sectioning
plane per animal was stained by hematoxylin and eosin
(H&E) for histological analysis. For immunohistochemistry,
the endogenous peroxidase was blocked with 3% hydrogen
peroxide, (two cycles of 10 min) and epitope retrieval was
accomplished with 10 mM sodium citrate buffer, pH 6.0, in
a steamer (95–99 C) for 30 min. Non-speciﬁc antigen
bindingwas blockedwith 5% reconstitutedmilk powder for
1 h. Slides were incubated with the Flt-1 primary antibody
(1:500, Santa Cruz Biotechnology, Santa Cruz, CA, USA) for
16–18 h in a humidiﬁed chamber at 4 C. After returning to
room temperature (RT), slides were washed before being
incubated with biotinylated anti-rabbit secondary antibody
(EnVision HRP link, Dako Cytomation, CA, USA) for
30 min at RT. Color was developed with a dia-
minobenzidine chromogenic solution (DABþ, Dako Cyto-
mation, CA, USA) and nuclei were counterstained with
Harry’s hematoxylin; after ethanol dehydration slides were
mounted in Canada balsam. Negative control was done by
replacing the primary antibody with 1% PBS-bovine serum
albumin (BSA).
2.5. Image analysis
The Flt-1-reactive neurons contained in two randomly
selected ﬁelds per anatomic region (CA1, CA3 and DG) per
animal, and one randomly selected ﬁeld per CA2 per animal
was counted. Each ﬁeld corresponded to an area probe
measuring 0.90 mm2; hence a mean value of anti-Flt-1
neurons were obtained in 10 ﬁelds for CA1, CA3 and DG
per treatment/time (2 ﬁelds 5 animals/group) and 5 ﬁelds
for CA2 per treatment/time (1 ﬁeld  5 animals/group). All
images were taken with a 40 objective using an Olympus
BX51 photomicroscope (Japan) equipped with Image Pro-
Plus image analyzer software (SA). Image analysis (quanti-
ﬁcation of the immunoreactivity optical density) was done
using the free access GIMP 2.6.4 software (GNU Image
Manipulation Program, CNE) that converts the digitized
images to grayscale images (black and white) after color
selection (Solomon, 2009). This segmentation by color
makes possible to determine the percentage of pixels for
staining by a given antibody. Since Flt-1-immunolabeled
cells presented at least two different intensity of reactivity
(due to cells situated differentially in relation to the section
plane which passed through them) two color selections
were done to avoid ambiguous identiﬁcation of cell labeling
and jeopardize the conclusions.
2.6. Morphometry
The percentage of vessels with perivascular edema was
calculated by dividing the number of affected vessels by the
total number of vessels per section per animal. A total of 10
sections per hippocampal region per time point wasexamined in PNV- and saline-treated groups (2 sections per
animal  5 animals/time ¼ 10 sections/CA1, CA3 and DG
hippocampal regions and 1 section per animal 5 animals/
time ¼ 5 sections/CA2 hippocampal region) per time
interval. The percentages of blood vessels affected were
compared between PNV-injected and saline-injected
(control) groups at each time. The quantiﬁcation was
done by two observers.
2.7. Statistics
Data were expressed as mean  SEM. Differences were
analyzed using the GraphPad Prism software package (San
Diego, CA, USA). One-way analysis of variance (ANOVA)
followed by the Tukey test was used to compare groups.
A value of P  0.05 indicated statistical signiﬁcance. In
addition, two-way ANOVA was conducted to compare
differences between PNV treatment on different time
points (1, 2, 5 and 24 h) and ages (14 days and 8–10 weeks)
throughout the experiment, and whether there was an
interaction between these two conditions. A P-value of 0.05
indicated statistical signiﬁcance.
3. Results
3.1. Signs of envenoming
After a delay of 2 min (for P14 rats) and 10min (for adult
rats), after i.p. injection of P. nigriventer venom, the animals
exhibited hyperemia, piloerection, shivering, salivation,
some dyspnea, and ﬂaccid followed by spastic paralysis of
the hindlimbs. At least one out of ﬁve rats used in each
period showed tonic convulsion. Four P14 animals and one
of 8–10 weeks old died soon after venom injection,
suggestively by respiratory arrest, since necropsy showed
lung edema. The signs in the P14 animals appeared more
intense when compared with those of adult animals. Five
hours post-PNV injection the clinical condition had
improved, but it was only after 12 h the clinical recovery
seemed complete by animals allowed surviving until 24 h.
Rats injected with sterile saline (sham controls) appeared
normal and showed none of the clinical signs described
above.
3.2. Perivascular edema
Perivascular edema was observed in PNV-treated
animals and was more frequent in venules of microcircu-
lation. Capillaries seem unaffected and histologically the
hippocampal parenchyma appears normal (Fig. 1).
Quantiﬁcation of the affected vessels aimed at evalu-
ating the extension of barrier permeabilization permitted
estimation of the time-course of the alterations from 1 to
24 h post injection (p.i.) in CA1, CA2, CA3 and DG regions. In
all four regions the quantity of affected vessels was visibly
higher in P14 rats than in 8–10 weeks rats.
A marked increase of vessels with perivascular edema
was seen in all the hippocampal regions of animals of both
ages soon after one h of PNV injection. However, the
appearance of affected vessels was more prominent in P14
animals (Fig. 2) since it was signiﬁcantly higher in all time-
Fig. 1. Photomicrographs showing vessels with perivascular edema. A and B are saline-injected animals and C and D are PNV-injected animals, all of them after
5 h. Perivascular edema (*) was seen around the affected vessels, but not in capillaries (arrows). Scale Bars ¼ 50 mm.
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(Fig. 2A, C and D). In general the peak of vessels with peri-
vascular edema occurred at 2 h, after which there was
reduction except for CA1. In adult animals the tendency for
increasing the number of affected vessels did not reach
statistical signiﬁcance in all the regions and time interval
(Fig. 2A–D).
The use of two-way analysis of variance showed that in
regard to vessels with perivascular edema there was inter-
action between times elapsed after envenoming versus age
of animals for CA1 and CA3 hippocampal regions. For CA1,
CA2 and DG there is inﬂuence of the variable age but not of
the variable time in the number of vessels with perivascular
edema. Moreover, the two variables had impact on the
number of vessels with perivascular edema in the CA3.
3.3. Immunohistochemistry
The quantiﬁcation of immunoreactivity, based on color
manipulation and segmentation in grayscale (GIMP soft-
ware, Solomon, 2009) and measurement of pixels density
allowed determining the response of neuron populations
belonging to each region in separate.
Flt-1 immunoreactivity was detected in neurons of all
hippocampal regions. Fig. 3 illustrates the labeling pattern
of Flt-1 receptor of VEGF in neurons of control and PNV-
treated rats (P14 and 8–10 wks) 5 h after i.p. injection
(panels A, B, E, F); and their counterpart images color-
selected by GIMP software (panels C, D, G, H). Whereasneurons expressing Flt-1 were distributed sparsely in
controls animals, in envenomed rats they were by far much
more densely concentrated.
Fig. 3 shows the time-course quantiﬁcation of the
density of pixels, expressed as percentage, of Flt-1-labeled
neurons in CA1, CA2, CA3 and DG regions. Comparatively,
CA3 region neurons of shamgroup exhibit the least baseline
expression of Flt-1 whilst DG region exhibit the highest in
animals of both ages. Flt-1 baseline level of CA1 and CA2
neurons occupied the intermediary position relative to CA3
and DG; CA1 and CA2 neurons showed quite the same
baseline distribution pattern of Flt-1. In all four regions the
expression of Flt-1 at basal level was visibly higher in P14
rats than in 8–10 wks rats. In animals of both ages i.p.-
injected with PNV there was immediate upregulation of
the level of Flt-1 expression in all the four hippocampal
regions studied. CA1 and DG were the regions with most
dramatic rise of Flt-1 expression 1 h after injection: Flt-1
level of PNV-exposed rats was upregulated by 90% in CA1,
135% in DG whereas CA2 and CA3 just showed a trend for
rising. Also, it is of interest to observe that CA1 and DG
neurons of animals of both ages displayed a similar time-
course changes of the VEGF’s Flt-1 receptor density of
pixels (compare Fig. 4A and D). Likewise, neurons of CA2
and CA3 in animals of both ages showed quite the same
pattern of time-course changes in their immunolabeling
(compare Fig. 4B and C). In animals of both ages, the
neurons of CA2 were the least susceptible to change the
expression of Flt-1 receptor (Fig. 4B).
Fig. 2. Percentage of vessels affected (perivascular edema) after PNV injection in comparison to control. Each bar represents the mean number of vessels with
perivascular edema per period (SEM) divided by the total number of vessels, representing different sub-regions of hippocampus. (*) p < 0.05; (**) p < 0.01; (***)
p < 0.001 when compared to matched control.
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interaction between time after PNV injection versus age of
animals for CA3 and DG in relation to the expression of the
receptor. The Flt-1 expression was inﬂuenced by the two
variables “time after envenoming” and “age of animals” in
all the four regions scanned.4. Discussion
To investigate a potential involvement of the vascular
endothelial growth factor (VEGF) in the neurotoxic effects
caused by P. nigriventer venom in the hippocampus, we
analyzed whether the expression of VEGFR-1, also named
Flt-1, was changed after i.p. administration of venom. Using
immunohistochemistry for the Flt-1 it was possible to
determine that neurons were the principal cells constitu-
tively expressing the receptor and that anti-Flt-1 was
immunodetected in the nucleus of neurons; by immuno-
histochemistry labeling the distribution and expressional
level of Flt-1 was demonstrated in all the four selected
regions of the hippocampus: CA1, CA2, CA3 and DG.
Nuclear location of Flt-1 has been found in the dorsal root
ganglion sensory neurons (Dhondt et al., 2011), ventral root
motor neurons (Poesen et al., 2008), and lumbar motor
neurons (Islamov et al., 2004) and others. In hippocampus,
Flt-1mRNA is restricted to pyramidal neurons of CA regions
and granular neurons of DG (Choi et al., 2007). In all these
regions the upregulation of Flt-1 has been associated withneuroprotective signals mediating VEGF effects in different
injury conditions.
Herein, the investigation was focused on hippocampus
as one of the brain regions particularly targeted by PNV as
has been shown by our laboratory (Le Sueur et al., 2003;
Rapôso et al., 2007; da Cruz-Höﬂing et al., 2009). These
previous studies have shown that the i.v. administration of
PNV disrupts the BBB, causes neuroinﬂammation, reactive
astrogliosis and activates neurons (Fos-positive neurons)
with participation of neuronal nitric oxide synthase. Herein,
the i.p. injection of PNV caused perivascular edema in
venules of the microcirculation of hippocampus indicating
that the BBB was also permeated. The incidence of peri-
vascular edema was higher in young animals than in adult
animals treated with PNV. However, there was variation in
the number of affected vessels per region. A possible
correlation between the incidences of perivascular edema
and induction of Flt-1 expression by venom in P14 rats was
not clear. Relative to controls there was signiﬁcant increase
of affected vessels in CA1 in all time points, in CA3 at 1, 2 and
24 h and in DG at 2 h after PNV exposure. No signiﬁcant
incidence of vessels’ edema was noticed in CA2. Likewise,
Flt-1 expression was unchanged in CA2; in CA1 it was
upregulated in all time-points, in CA3 at 5 and 24 h and in
DG it was upregulated in all time-points. Studies have
shown that Flt-1 is a signaling agent for chemotaxis in
immune responses (Forstreuter et al., 2002). In non-
nervous tissue, Flt-1 has been documented in asthma
(Hoshino et al., 2001), eosinophil inﬂammatory response
Fig. 3. Representative photomicrographs of Flt-1 immunostaining in neurons of the dentate gyrus region of P14 rats, 5 h after i.p.-injection of sterile saline (A) or
PNV (B) and their counterparts after color segmentation using GIMP software tool for quantitative analysis of neurons reactivity for Flt-1 (C and D). Panels E and F
display dentate gyrus region of hippocampus of 8–10 weeks rats 5 h after saline and PNV i.p. injection, respectively; panels G and H represents E and D panels
after color segmentation using GIMP analysis of neurons reactive for Flt-1. See that DG neurons positive for Flt-1 of envenomed animals markedly outnumber the
corresponding positive neurons of controls saline-injected. Bars ¼ 25 mm for all panels. (For interpretation of the references to color in this ﬁgure legend, the
reader is referred to the web version of this article.)
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Fig. 4. Percentage of pixels density of Flt-1 labeled neurons in different time points after PNV (1.7 mg/kg) or 0.9% saline injection. Data are shown as
means  SEM. (*) p < 0.05; (**) p < 0.01; (***) p < 0.001 when compared to control at each time point.
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muscle intoxicated by snake venom (Dourado et al., 2011).
A number of inﬂammatory diseases seem to be relatedwith
Flt-1 expression and exacerbation of the pathology. In the
Alzheimer disease, Flt-1 mediates microglial chemotactic
inﬂammatory responses which contribute to increase the
pathological condition (Ryu et al., 2009). Inﬂammatory
responses are known to be associated with higher perme-
ability and extravascular release of ﬂuid and protein into
tissue. Whether the increase of Flt-1 expression seen in P14
animals has a role in the modulation of vascular perme-
ability through hippocampal endothelial cells and neuro-
inﬂammation is elusive so far. If this is conﬁrmed it seems
that the responses are non-homogeneous in relation to
receptor expression in all the hippocampus of young
animals. On the other hand, the hypothesis that Flt-1
upregulation could modulate positively the incidence of
perivascular edema seems unlikely for adult animals. In
fact, the upregulation of Flt-1 in adult animals exposed to
PNV was correlated with just a trend (non-signiﬁcant) for
increasing the number of vessels with perivascular edema.
Since Flt-1 upregulation has been also reported as a neuro-
protective signaling for VEGF mediation in pathological
conditions, it is likely that in adults Flt-1 acts against the
neurotoxic effect of PNV, hence inhibiting the formation of
perivascular edema.
In line with this, the fact that Flt-1 upregulation was in
general more expressive in the older than in the younger
animals (120% vs.118% in CA1, 215% vs.100% in CA2, 288% vs.141% in CA3 and 420% vs. 167% in DG) could explain the
stronger signs of intoxication in the P14 animals and higher
incidence of perivascular edema in comparison to adult
animals.
Relative to Flt-1 baseline expression in sham control, in
PNV-treated animals the upregulation of Flt-1 was
progressive with time in P14 and adult animals, achieving
its climax 24 h after envenoming. Actually, just in the CA2
of young animals Flt-1 was unchanged 24 h-post PNV
exposure. Despite, clinically the signs of envenoming
seemed to be resolved after 12 h of PNV envenomation. The
ﬁndings indicate that at molecular level the effects of
venom were still underway.
On the other hand, the expressional steady state of anti-
Flt-1 labeling seen in neurons of all four hippocampal
regionsof animals injectedwithsalineappears tosuggest that
stressing factors (animal’smanipulationand i.p. injection)did
not inﬂuence the level of the receptor. Both in P14 and adult
animals the Flt-1 expression level remained with minimal
variation (seewhite bars of Fig. 4). Thebasal expression of Flt-
1 in P14 animals was higher than in adult animals.
The fact that the vasogenic edema caused by PNV
correlates with signiﬁcant upregulation of the VEGFR1
receptor, Flt-1, can be seen as a strong evidence indicating
this receptor as a mediator of the neurotoxic effects of PNV
in hippocampus of P14 neonate rats and adult rats. It also
suggests that neuron cells are important targets for PNV.
VEGF is a growth factor which plays a central neuro-
trophic and neuroprotective role in the CNS by promoting
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genesis and neurogenesis, both during development and
after ischemia or trauma (Hansen et al., 2008). In hippo-
campus, VEGF and Flt-1 and Flk-1 receptors are upregulated
after transient ischemia (Choi et al., 2007). Neurogenesis in
the adult mammalian brain is mainly conﬁned to two
regions: the subventricular zone of the lateral ventricles
and the dentate gyrus of the hippocampus (Altman andDas,
1965; Cameron et al., 1993; Levison and Goldman, 1993;
Luskin,1993). Thismay reﬂect whyDGneurons of sham and
treated group exhibited the highest expression when
comparedwith the other hippocampal regions. The dentate
gyrus region is thought to contribute the formation for new
memories, exploratory activity and synaptic plasticity (Saab
et al., 2009).
The hippocampus is part of the lymbic system and is
a region of the cerebral cortex. CA1, CA3 and DG, the three
best explored regions of the hippocampus, are believed to
function cooperatively; however evidences indicate that
each one performs particular specialized functional activi-
ties (Klausberger and Somogyi, 2008). The implications
behind the highest increase of Flt-1 in DG (420%), followed
by CA3 (w290%) after PNV administration are unclear.
Further studies aimed to associate venom effects on Flt-1
expression with speciﬁc operational function of each
hippocampal regionwill be useful for therapeutic strategies.
In conclusion, thedataobtained indicate thatVEGFmaybe
involved differentially in the hippocampal neuron response
via Flt-1 mediation following PNV envenoming; its higher
upregulation in adult envenomed rats may be an indication
that Flt-1 neuroprotective mediation gains efﬁciency with
age. On the other hand, the higher incidence of perivascular
edema in young animals could be related with the pro-
inﬂammatory role reported for Flt-1. The modulation of
Flt-1 expression in response to PNV is temporally and differ-
entially inﬂuenced. Theﬁndings provide insights into cellular
and molecular mechanisms governing PNV envenoming in
rats. Further studies directed to understand the signaling
pathways involved in PNV central action are necessary.
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